Abstract: WS175 is a hard white spring wheat line with the parentage Snowbird/Sumai3 with a high level of resistance to Fusarium head blight (FHB) that was developed using marker-assisted selection. WS175 contains haplotypes similar to Sumai3 at the loci previously associated with FHB resistance, located on chromosomes 3B, 5A, and 6B. WS175 has similar maturity and protein content, but has lower grain yield, compared to Snowbird. The combination of white seed coat colour and very high level of FHB resistance will make WS175 a valuable parent for the improvement of FHB resistance in white spring wheat breeding programs.
Introduction
White wheat is of interest to milling companies because of its higher milling yield and generally lighter and brighter flour, which results in aesthetically more appealing end products (Ambalamaatil et al. 2002 (Ambalamaatil et al. , 2006 . Whole wheat style breads made from white wheat flour are favored for their high content of healthpromoting fibre, sweeter taste, and desirable lighter coloured appearance, compared with breads made from red wheat (Ambalamaatil et al. 2006; Watts et al. 2012) . Because of the interest in increasing fibre intake through whole-grain consumption, white wheat is being used to produce whole-wheat bread with much of the same appearance and taste as traditional white bread made from bleached red wheat flour (Ransom et al. 2006) . Fusarium head blight (FHB) is an important fungal disease of wheat affecting wheat production around the world, and most varieties of hard white spring wheat are not resistant to FHB (Gilbert and Haber 2013) . The white-seeded spring wheat line WS175, developed at the Ottawa Research and Development Centre of Agriculture and Agri-Food Canada (AAFC), exhibits a high level of resistance to Fusarium head blight, similar to the international resistance check Sumai3. The release of WS175 should facilitate development of hard white spring wheat cultivars with high levels of FHB resistance.
Pedigree and Breeding Method
WS175 is derived from the cross Snowbird/Sumai3 made in January 2005 at the Eastern Cereal and Oilseed Research Centre of AAFC in Ottawa. Sumai3 is a redseeded Chinese spring wheat variety that has been used as a source of resistance to FHB around the globe. Three quantitative trait loci (QTLs) for FHB resistance in Sumai3 have been identified and mapped on chromosomes 3B, 5A, and 6B, respectively (Anderson et al. 2001; Buerstmayr et al. 2002) . Snowbird is a hard, whiteseeded spring wheat developed at the Cereal Research Centre of AAFC in Winnipeg that is moderately susceptible to FHB (Humphreys et al. 2007) .
In summer of 2005, F 1 seeds from Snowbird/Sumai3 were increased in the greenhouse. Subsequently, approximately 20 000 F 2 plants were grown in the greenhouse and approximately 1500 white seeded genotypes were visually selected from the F 2 population. This population was advanced to F 5 using single seed descent in the greenhouse. In spring 2008, 1300 F 5 lines were genotyped for their haplotypes at the loci associated with FHB resistance QTLs on chromosomes 3B, 5A, and 6B. Nine molecular markers (one sequence tagged site (STS) and eight simple sequence repeat (SSR) markers) closely flanked to the three QTLs were used for marker-assisted selection (MAS; Table 1 ). DNA extraction and polymerase chain reaction (PCR) procedure were carried out as previously described by Somers et al. (2003) . Two hundred and fifty F 5 lines with two or three FHB resistance haplotypes (i.e., haplotypes similar to Sumai3) were selected and grown in a FHB-inoculated field nursery in Ottawa, in 2008. Fifteen F 6 lines were visually selected in the FHB nursery based on FHB resistance and agronomic performance. The 15 F 7 lines were increased in the greenhouse to provide seed for field evaluation of FHB reaction and agronomical traits.
Fifteen hard white wheat lines, including WS175 and the two parents Snowbird and Sumai3, plus three checks Snowstar, AC Vista, and AC Foremost were evaluated for their FHB reaction in three replicates in inoculated FHB nurseries at the Ottawa Research and Development Center in Ottawa, Ontario (2009 -2011 , and in Winnipeg, Manitoba in 2010. Each experimental plot consisted of two 1 m long rows. The nurseries were inoculated twice during the growing season with infected corn and barley kernels that were autoclaved and inoculated with three isolates of Fusarium graminearum. The infected kernels were spread in the FHB nurseries at 100 g m −2 . The first inoculation was at about the 5-6 leaf stage and the second inoculation was made 10 d later. The FHB nurseries were irrigated twice each day (morning and afternoon). FHB incidence (% plants in plot infected with FHB) and severity (% of 10 random spikes/ plot showing FHB infection symptoms) were visually rated at 21 d after flowering (50% anthesis). FHB index was calculated as Incidence × Severity/100. FHB nursery plots were hand harvested to provide samples for Fusarium damaged kernels and dioxynivalenol (DON) determinations. Evaluation of FHB severity was conducted in a growth cabinet with point inoculation.
The point inoculation procedure used was previously described (Cao et al. 2009 ). In addition to FHB evaluations, the same 15 lines and the two parents were yield tested using a randomized complete block design with two replications at the Central Experimental Farm in Ottawa, Ontario (2009 Ontario ( -2011 and near St. Isidore, Ontario in 2011. Yield plots consisted of six 4 m rows with 30 cm between rows. In addition to grain yield, days to heading, plant height, and grain protein content were determined. The least significant differences (LSD) test was used to identify significant differences in the means compared with the check cultivars (Table 4) .
For flour quality determination, grain samples were tempered to 15% moisture with distilled water (approved method 26-95.01; AACC International 2010). The conditioning period was at least 16 h, after which the grains were milled in a Quadrumat Jr mill (C.W. Brabender Instruments, USA) (sifting reel with a 265 μm aperture) to obtain white flour. Estimates of ash, protein, and moisture content were determined with an Infratec 1241 (FOSS North America). Flour yield was expressed on a constant ash basis at 0.5 to be comparable. Falling number (FN) was measured on the flour with a Perten FNO instrument (Perten Instruments, Sweden). Mixograph (National Mfg., USA) fitted with a 35 g bowl was used to measure dough rheological properties (approved method 54-40; AACC International 2010). Mixograph parameters were measured with MIXSMART software where the mid-line analysis was used. The test duration was 8 min. Six parameters including peak time (PK), peak value (PV), peak width, slope (right of peak), width at 8 min, and area integral were selected.
Performance
WS175 was selected based on one round of markerassisted selection with nine molecular markers (Table 1) and one round of phenotypic selection in the Ottawa FHB nursery in 2008. Haplotypes of the line WS175 and its parents Snowbird and Sumai3 were revealed by nine molecular markers ( Table 2 ), indicating that WS175 has the same haplotype as Sumai3 at the loci tested. Over the three years of evaluation (2009) (2010) (2011) for FHB reaction in field nurseries, the FHB index and DON content of WS175 were significantly lower than those of check cultivars Snowstar, AC Vista, and AC Foremost (Table 3) . Point inoculation in the growth chamber also showed that FHB severity of WS175 was significantly lower than Snowbird, AC Foremost, and Roblin. The results indicated that WS175 had improved FHB resistance compared to the check cultivars and was similar to the FHB resistant parent, Sumai3.
In general, WS175 had lower grain yield than Snowbird and the hard white check, Snowstar, and was not significantly different from Sumai3 for grain yield (Table 4 ). Days to heading for WS175 were similar to Snowbird, but significantly earlier than Sumai3, and later than Snowstar. WS175 was similar to Snowbird in height and significantly taller than Sumai3 and Snowstar in all environments except in Ottawa in 2009.
The 1000-kernel weight of WS175 was generally similar to Sumai3 and Snowbird, but higher than Snowstar in Ottawa in 2010 and St. Isidore in 2011. WS175 had grain protein content similar to Snowbird and Sumai3, but was significantly higher than Snowstar (Table 4) .
End-use quality parameters measured by mixograph are summarized in Table 5 . WS175 had similar flour yield and flour protein content compared to the hard white bread wheat varieties, Snowbird and Snowstar. However, WS175 had dough strength as measured by a Kernel color determined at 1.25 M NaOH (Lamkin and Miller 1980) .
Point inoculation in a growth cabinet. Note: DH, days to 50% spike emergence; TKW, thousand kernel weight; PH, plant height; PROT, grain protein. Note: PT, peak time; PV, peak value; SR, slope right; PW, peak width; FN, falling number. Cao et al. mixograph similar to Sumai3, which would be too weak for Canadian hard white bread wheat quality. WS175 had a significantly higher Hagberg falling number at both locations compared to Sumai3; thus, WS175 is a white seeded spring wheat line with a high level of preharvest sprouting resistance, which is a highly desirable trait particularly in hard white wheat breeding.
Other Characteristics
Spike: tapering with awns, erect attitude, medium density and length, white to lightly golden colour at maturity, slightly pubescent.
Kernel: white, hard, and medium in size. 
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